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Depending on which side of skin biology one is interested in,
secretion of epidermal lamellar bodies ^ the basic mechanism un-
derlying formation, maintenance and repair of the epidermal per-
meability barrier ^ is viewed either as a crucial defense allowing
survival in the desiccating terrestrial environment, or as a pesky
challenge to be overcome in transdermal delivery of drugs, vac-
cines or genes. Hence the topic of permeability barrier continues
to be of high interest for investigative dermatologists, as evi-
denced by the multitude of published papers in this journal.
Caveolins are proteins associated with caveolae (a member of
the membrane lipid raft family). Lipid rafts are specialized, li-
quid-ordered micro domains in the plasma membranes of most
mammalian cells. They exhibit a unique protein and lipid com-
position, with a large number of signaling molecules con-
centrated within their domains. Lipid rafts facilitate signal trans-
duction via a multitude of receptors and signaling e¡ectors, and
have become a hot topic of research in cell biology in recent years
(Newman et al, 1999; Stahlhut et al, 2000; Anderson and
Jacobson, 2002; Zajchowski and Robbins, 2002). Lamellar bodies
and lipid rafts do share a common theme: enrichment with cho-
lesterol and glycosphingolipids. In this issue of the Journal of Inves-
tigative Dermatology, Sando et al show that caveolins, including
Cav-3, hitherto thought of as muscle-cell-speci¢c, are colocalized
with b-glucocerebrosidase (a marker for lamellar body), within
the lamellar bodies (LBs). Thus the compartmentalized signaling
microdomains have ¢nally met with the barrier! A surprise?
Only if we classify and catalog the myriad functions of epidermis
with bureaucratic zeal. Possibly it took so long to connect the
two entities because of an increasingly technique-dependant re-
search trend with focus on data acquisition, rather than investi-
gating convergent functions in organ systems.
As a commentary allows some degree of freedom to speculate,
let me take this opportunity to review the concept of the skin
barrier, which is morphing from that of an unyielding brick wall
to an interactive boundary layer. As it evolved to meet the varied
and unpredictable environmental challenges, the barrier has ¢ne-
tuned its homeostatic controls. This shows in the adaptive plasti-
city of its boundary layer, the stratum corneum (SC) and stratum
granulosum (SG) that generates it. For such modulation, this
functional unit (SC-SG) receives both chemical (endocrine, para-
crine, autocrine, cytokines) and physical (stretch, pressure, plasti-
cization, humidity, heat, cold) signals and responds in ways of
a ‘‘smart material.’’ The nature of signals in barrier homoeostasis
is still being investigated, but the literature shows that there
are multiple ionic, cytokine, lipid, peptide, growth factor, and
enzyme-mediated mechanisms. All of these point to the granular
cell as an extremely versatile and e¡ective interface for signal
transduction.What better mechanism than adding lipid rafts or
caveolae to the apical membrane of the polarized granular cell?
Whether caveolins are located on the limiting membrane or the
disc contents of lamellar bodies (LB) is still unclear. But, as the
presence of caveolins is not crucial to lipid raft functions, it is
worth considering an earlier hypothesis of Elias that fusion of
limiting membranes of LBs with the apical membrane results in
increasing the SG cell membrane surface area, providing domains
that are important for cellular signal transduction.
The nomenclature for the microdomains also remains to be
standardized. Morphological criteria for caveolae are their invagi-
nated £ask-like shape, usually with a lower limit of diameter of
about 50 nm to 80 nm range, but with a variable upper diameter
limit. Caveolin is recognized as a marker for both apically tar-
geted vesicles of golgi origin, as well as plasmalemmal caveolae.
This protein is known to associate in some cells with tubular in-
vaginations extending several micrometers into and even across
the cell (Anderson and Jacobson, 2002). It is tempting to speculate
that the deep invaginations of the apical granulocyte membrane
(Fig 1), the portals of LB secretion (Elias et al, 1998), represent
specialized caveolae, and the LB secretion, an e¡ective way of
transporting preassembled signaling complexes to speci¢c mem-
brane areas (Zajchowski and Robbins, 2002). This mode would
allow spatial regulation of signal transduction. The lamellar body
secretory response to barrier disruption could serve the dual func-
tion of translocating the lipids to the crucial SC domains, as well
as creating higher-order signaling complexes (by clustering the
lipid rafts) to amplify cellular signaling and/or enhance interac-
tion between signaling pathways. Investigating the caveolin loca-
lization following barrier disruption and during repair would
shed more light on the adaptive changes in caveolins/caveolae
and their potential involvement in signaling the accelerated bar-
rier homeostasis. Sando et al speculate that caveolin^LB associa-
tion is an indication that the protein may play a role in LB
biogenesis. Although colocalization alone is not evidence, the
role of cholesterol in permeability barrier, lamellar body forma-
tion, and expression of caveolins is well documented and sup-
ports this contention. Removal of cholesterol by cyclodextrins
or ¢lipin, or blockade of cholesterol synthesis by statins causes
disruption of caveolae. Chronic topical lovastatin application re-
sults in defective LB morphology (but not its biogenesis) and de-
creased barrier functions (Menon et al, 1992). Topically applied
cholesterol alleviates these e¡ects, providing additional opportu-
nities to investigate the role of caveolins in LB biogenesis and
maturation.
As to the implication of caveolae at the site of permeability
barrier (SG^SC interface), endocytotic uptake by the granulo-
cytes may not be far from reality. As a seamless boundary layer,
skin is continuous with internal epithelial linings such as the
alveolar lining and alimentary canal. Alveolar epithelial type
I cells (93% of alveolar epithelial surface area) show an abundance
of caveolae, and are considered a transcytotic pathway for
absorption of therapeutic proteins, important in nasal drug
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delivery (Gumbleton et al, 2000). Alveolar type II cells secrete
‘‘lamellar bodies,’’ organelles that deliver pulmonary surfactant
proteins to the alveolar surface in a fashion akin to the epidermal
lamellar body secretion. In alveolar type II cells, the cholesterol-
enriched limiting membrane of these organelles is known to fuse
with the cell membrane upon exocytosis. Both the maturation
of alveolar lamellar body system as well as the epidermal barrier
coincide in perinatal period and are thought to result from a
surge of maternal glucocorticosteroid secretion (Williams et al,
1998). Although the outermost epidermal granular cell is about
to be terminally di¡erentiated, it could conceivably endocytose
biologically active molecules, including topically applied lipids.
Topically applied glucocerebrosides, for example, result in stimu-
lation of epidermal proliferation (Marchell et al, 1998). Indeed,
glucosylceramides are shown to modulate membrane tra⁄c along
the endocytotic pathway (Sillence et al, 2002). Since we recently
learned of many unexpected features of the epidermis (presence
of cold and warm sensitive TRP channels, caveolins in lamellar
bodies) and epidermal appendages (sebaceous glands producing
corticotrophin-releasing hormone and its receptors), nothing
should surprise us about the versatile nature of our smart bound-
ary layer.
Transdermal delivery of genes, oligonucleotides, cytokines,
and therapeutic lipids will be a whole lot more successful
when we unravel more of the mysteries of the permeability
barrier. I predict that we will ¢nd it a friendly boundary
rather than an unyielding wall when appropriate passwords
are employed. The work of Sando et al is indeed a step in this
direction.
I thank Peter Elias, Laurence Dryer, and Paul Attar for their comments.
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Figure1. Ultrastructural features of the Stratum Granulosum (SG) ^ Stratum Corneum (SC) interface. Do the deep invaginations (open arrows) of
the apical membrane of the SG cell represent functional caveolae? Modi¢ed from Menon et al, J Invest Dermatol 98:279^289, 1992
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